ABSTRACT A growing-finishing study using Angus steer calves was conducted in three phases: 1) grazing stockpiled 'Kentucky-31' tall fescue (Festuca arundinacea Schreb.) with high (65%; HE KY-31) and low (0%; LE KY-31) infestation rates of Acremonium coenophialum
Introduction
Tall fescue is a dominant cool-season forage of the humid transition zone of the United States (Buckner, 1985) . Performance of cattle grazing fescue during summer months is generally less than would be predicted from its chemical composition (Steen et al., 19791 , and symptoms collectively referred to as fescue toxicosis (SRIEG-37, 1992 ) are often reported. Fescue toxicosis is associated with the presence of an endophytic fungus Acremonium coenophialum (Morgan-Jones and Gams, 1982) . High ambient temperature and humidity can exacerbate fescue toxicosis (Hemken et al., 1981) ; therefore, fescue toxicosis might not be as severe when fescue is grazed as stockpiled forage during the fall and early winter months or by feeding ensiled vegetative regrowth during the colder winter months. Limited information (Brazle and Coffey 1991; Davenport et al., 1993) suggests that the growth-decreasing effects of fescue toxicosis can be partly alleviated by implantation with anabolic agents. Objectives of this research were 1) to evaluate effects of an estradiol 17-0 implant on performance of steers grazing fall-accumulated endophyte-infested and low-endophyte ( LE) fescue cultivars, 2 ) to compare performance of steers subsequently fed either endophyte-infested or LE haylage, and 3 ) to evaluate feedlot performance for carryover effects associated with previous consumption of endophyte-infested fescue.
Materials and Methods

General Phase 1. Eighty weanling
Angus steer calves (average initial BW, 212 kg), all grazing a common tall fescue pasture, were stratified by live weight into eight weight classes and assigned randomly from within these classes to 10 outcome groups (eight steers/group). Steers were dewormed and vaccinated against leptospirosis, infectious bovine rhinotracheitis, parainfluenza, and Clostridia spp. Four steers in each group were implanted with 24 mg of estradiol 17-p per steer (Compudose@, Elanco, Greenfield, IN) . The implant was placed S.C. along the median line of the ear.
Groups were assigned randomly to 10 3.0-ha fescue pastures: three 'Kentucky-31' pastures with 65% of plants infested with Acremonium coenophialum ( HE KY-311, three 'Johnstone' pastures ( < 1% infestation level), two endophyte-free 'Kentucky-31' pastures (0% infestation level; LE KY-311, and two low-endophyte 'Kenhy' pastures (< 1% infestation level). Cultivars had been previously assigned to pastures using a completely randomized design. Pastures were fertilized (78 kg of N/ha) and clipped in late August, and forage was permitted to accumulate for deferred grazing in an experiment that extended from October 24 through December 19, 1986. In approximately mid-May 1986, tiller samples were collected from each cultivar and analyzed for the endophytic fungus by an ELISA procedure (Johnson et al., 1982) . Forage mass of Johnstone and HE KY-31 pastures was measured by cutting four randomly located strips using a rear-bagging mower. Each strip was .5 m x 5 m, and cutting height was approximately 2.5 cm. Wet weight of the harvested material was measured, and a subsample was taken for dry matter determination using a 50°C forced-air oven for 48 h. An additional subsample was taken for DM and CP determination. Water and a salt-mineral mixture (iodized salt, trace mineral salt6, and dicalcium phosphate in a 1:1:.2 ratio) were available for ad libitum consumption throughout the trial. Non-shrunk weights were recorded for each steer on d 0, 28, and 56 of the study. Pasture groups were weighed in the same chronological order on each weigh day to minimize variability due to diurnal fluctuation in gastrointestinal fill. Steers were transported approximately 2 km by stocktrailer t o weighing facilities.
A forage intake and digestibility study was conducted concurrently for steers grazing HE KY-31 and Johnstone. Within each pasture group of eight steers, two implanted and two nonimplanted animals were selected randomly to participate in this portion of the study. Each designated steer was bolused once daily with a gelatin capsule containing 10 g of chromic Collection of forage mass samples was not simultaneous with collection of esophageal masticate samples. Animals were fistulated using procedures previously described by Chapman (1964) , and all surgical and subsequent experimental procedures followed a research protocol approved by the Institutional Animal Care and Use Committee of the University of Kentucky.
Phase 2. Forage from HE KY-31 and Johnstone pastures used in the fall grazing study had been previously harvested with a field chopper in late May of 1986, wilted overnight, and ensiled in upright silos. These haylages were used in a 112-d feeding study (December 19, 1986 through April 10, 1987 that followed the fall grazing study. Steers that had grazed HE KY-31 and Johnstone in Phase 1 were separated without regard to BW into implanted and nonimplanted groups of two animals each, assigned randomly to 12 pens (four steerdpen), and fed haylage of the same fescue cultivar they had previously grazed. Water and a salt-mineral mixture (same as described previously) were available for ad libitum consumption throughout the study. Total daily intake for each pen was recorded as the difference between amounts fed and refused. Steer weights were measured before the morning feeding at the beginning and every 28 d through the end of the study.
Phase 3. After Phases 1 and 2, steers were fed a common finishing diet (94% ground ear corn, 4.5% soybean meal, 1.15% limestone, and .35% trace mineral salt; as-fed basis) for another 112-d period starting on April 11, 1987 and terminating August 1, 1987 . Total daily intake for each pen was recorded as the difference between amounts fed and refused. Steer weights were measured before the morning feeding at the beginning and every 28 d through the end of the study.
Weafhev Information. Weather data were obtained from a National Oceanic and Atmospheric Administration weather station located approximately 2 km from the grazing plots and 4 km from the drylot area.
Laboratory Analyses Phase 1. Fecal samples were dried at 60"C, and esophageal masticate and hand-clipped forage samples (forage mass samples)
were lyophilized and subsequently ground in a Wiley mill to pass a l-mm screen. Hand-clipped forage samples were analyzed for DM and CP following AOAC ( 1984) procedures. Fecal and hand-clipped forage samples were nonsequentially analyzed for NDF and ADF (Goering and Van Soest, 1970) . Fecal and esophageal masticate samples were analyzed for ADL (Robertson and Van Soest, 1981) .
Soluble sugar content of hand-clipped forage was determined as described by Johnson et al. (1966) . Chromium concentration in fecal samples, determined as described by Miller ( 1983 ) and modified from Williams et al. (1962) , was used to determine fecal output (FO; Crampton and Harris, 1969) . Forage digestibility was calculated using the ADL ratio of esophageal masticate and feces (Crampton and Harris, 1969) . Voluntary intake was calculated based on the equation
of Minson (1983) : F1 = F0/(100 -percentage of forage digestibility), where F1 = forage intake (kilogramdday), and F0 = fecal output (kilogramdday).
Phase 2. Haylage samples were collected weekly and analyzed for DM (AOAC, 19841 , and nonsequentially for NDF, ADF, and acid detergent insoluble nitrogen (Goering and Van Soest, 1970) . Acid detergent lignin was analyzed by procedures of Robertson and Van Soest (1981) .
Statistical Analyses
Phase 2 . Assumptions of normality and homogeneity of variance were first tested and judged to be valid. Analysis of variance for a repeated measures design (Gill, 1978) was conducted to test for main effects and all possible interactions of cultivar, implant, steer, and(or) pasture within cultivar, and period (Table  1) . Data for ADG represented an unbalanced design, and expected mean squares were calculated using the RANDOM command of SAS ( 1985) to determine the most appropriate test. Sattenvaite approximation was used to determine the degrees of freedom for each test. Preliminary analyses of ADG data examined the variability of pasture within fescue cultivar, and it was determined that most of the variability of pasture was explained by variability among steers. Therefore, an additional analysis was performed that collapsed the pasture effect into steer effect. Collapsing pasture effect did not change any of the results (i.e., significant fured effects remained significant and nonsignificant fixed effects remained nonsignificant). The effect of collapsing pasture effect was to give more precise estimates of the various fixed effects and, more importantly, the variability could be expressed in terms of individual steers rather than in terms of aPen substituted for pasture in analyses of Phases 2 and 3 data.
pasture differences. Significant interactions were further partitioned into linear and quadratic components using planned orthogonal polynomial contrasts. Pairwise comparisons of group means were performed using LSD.
Phases 2 and 3. Data were analyzed as repeated measures design (Gill, 1978) to test for main effects and all possible interactions (Table l) . Significant interactions were further partitioned into linear and quadratic components using planned orthogonal polynomial contrasts. However, in Phase 2, the assumption of homogeneity of variance was judged to be invalid for DM1 during the first 28-d period. The analyses were reconducted, excluding data for the first 28 d; data for the first 28 d were analyzed separately by a nonparametric rank sum test. Pairwise comparisons of group means were performed using LSD.
Results and Discussion
Phase 1
Chemical composition of Johnstone and HE KY-31 pastures are presented in Table 2 (data not statistically analyzed). Crude protein and soluble sugar values tended to decrease from the first sampling period to the third sampling period, whereas values for NDF and ADF tended t o increase.
Average daily gains (Table 3) for the 56-d grazing period were greatest ( P < .05) for steers grazing Implantation with estradiol 17-0 increased ADG ( P < .O 1) for the 56-d grazing period and, when averaged across cultivars, ADG was 14% greater for implanted than for nonimplanted steers ( Table 3 ) . There was no interaction of implant x cultivar ( P > .lo); however, improvement in ADG was not uniform across cultivars. The effect of implant interacted with time ( P < .01) such that, from d 1 to 28, implantation provided a 22% improvement ( P < .O 1) averaged across all cultivars, but no difference ( P > . l o ) was evident from d 29 to 56 (Table 3 ) .
One hypothesis for lack of an implantation response during d 29 to 56 is that colder weather during this period may have overridden benefits induced by estradiol 17-P implantation and interacted with reduced nutrient metabolism associated with consumption of endophyte-infested tall fescue (Hannah et al., 1990; Fiorito et al., 1991) . In support of such a hypothesis, average minimum temperature (Table 4) decreased from 10°C in October to -1.1"C in December, and average maximum temperature decreased from 20.6"C in October to 6.1"C in December. Consumption of endophyte-infested tall fescue has been shown to reduce blood flow to the peripheral tissues (Rhodes et al., 1991) , and reduced blood flow to the Implantation aImp = implanted; Non = nonimplanted. bSEM = .03 kg/d for the time x cultivar means.
C,d,e*fMeans within a column lacking a common superscript letter differ ( P < .05). g,hMeans within a column lacking a common superscript letter differ ( P < .01). extremities can become acute during cold stress (Garner and Cornell, 1978) . Therefore, it is plausible that blood flow to the ear was reduced during d 29 to 56 and effectively reduced absorption of the active ingredient of the implant. Additionally, the metabolic effect of estradiol 17-p is hypothesized to be modulated through growth hormone and IGF (Breier et al., 1988a,b) and may also decrease thyroid hormone production (Donaldson and Hart, 1981) ; however, chronic exposure to cold is reported to increase thyroid activity (Kennedy et al., 1977) .
Implantation of estradiol 17-0 increased ADG of steers grazing HE KY-31 from .60 to .76 kg/d, which suggests that use of estradiol 17-p can partly mitigate the deleterious effects of consuming endophyte-infested fescue. Nonetheless, ADG of implanted steers grazing HE KY-31 were 14% less than ADG of nonimplanted steers grazing LE KY-31, suggesting that use of estradiol 17-p was at best a partially effective means of minimizing fescue toxicosis. These data are in agreement with those of Davenport et al. (1993) .
Forage DM1 (Table 5 ) did not differ ( P > .lo) between steers grazing Johnstone and HE KY-31 and averaged 7.8 _+ .5 kg.anima1-l&1 (mean f SE). No effects of implant or implant interactions were detected ( P > .lo). Contrary t o previous reports of decreased intake of endophyte-infested hay, seed, or green-chop diets compared with LE or endophyte-free diets under thermal stress conditions (Schmidt et al., 1982; Jackson et al., 1984; Strahan et al., 19871 , we observed no decrease in DM1 of HE KY-31 relative to Johnstone. Data from our study are in agreement with those from other cattle grazing studies (Howard et al., 1992; Peters et al., 1992) . Hemken et al. (1981) reported no differences in voluntary intake among tall fescue cultivars at moderate ambient temperatures ( 10 to 18°C). This suggests that ambient temperature may be very important in eliciting an intake response. In addition, the ability of grazing cattle t o preferentially select leaf vs stem tissue may affect voluntary intake responses and severity of fescue toxicosis. Jackson et al. (1984) noted that calves consuming an endophyte-infested seed diet exhibited more severe signs of fescue toxicosis than had been observed with cattle consuming infected leaf tissue. Rottinghaus et al. (1 99 1) reported that ergovaline concentrations 'Phase 2 = December 19 to April 10; Phase 3 = April 11 t o August 1.
were greater in stem and seedheads than in leaf blades. Ergovaline is an ergopeptide alkaloid that has been associated with fescue toxicosis (Bacon et al., 1986) . Forage mass ranged from 3,215 to 5,272 k g h a (data not shown) and was not expected to be limiting to DM1 or animal performance (Allden and Whittaker, 1970; Jamieson and Hodgson, 1979) . The results of the present study, in conjunction with other pasture studies (Howard et al., 1992; Peters et al., 19921 , suggest that previous reports of decreased voluntary intake with conserved endophyte-infested tall fescue forage under controlled environmental conditions may not be readily applicable to free-grazing cattle under pasture conditions. Forage DMD coefficients (Table 5) were not different ( P > . l o ) between Johnstone and HE KY-31 and averaged 53.8 and 59.3%. Dry matter digestibility coefficients did show a linear decrease ( P < .lo) over time, which may be attributable in part to numerical decreases in soluble sugar and increases in NDF and ADF contents of forages. Effect of time (i.e., d 1 to 3 vs d 26 t o 29, etc.) interacted with fescue cultivar (time x cultivar; P < . l o ) such that HE KY-31 tended to have higher digestibility than Johnstone during the first sample collection period ( d 1 to 3), and the magnitude of difference between cultivars decreased with each successive sample collection period. These DMD coefflcients are considered low in comparison t o other values reported in the literature (Holloway et al., 1979) and may be attributable in part to winter burn associated with stockpiled forage (Taylor and Templeton, 1976) .
Phase 2
Average BW of steers entering Phase 2 are presented in Table 6 . Daily DM1 ( Phase 3 During the last 112 d, steers were fed a common finishing diet to ascertain possible carryover effects of previous forage treatments on finishing performance. Average BW of steers entering this phase are presented in Table 6 . Dry matter intake (Table 8) , averaged across the four 28-d periods, was greater ( P . l o ) for steers previously fed Johnstone haylage than for steers fed HE KY-31 haylage. Dry matter intake increased linearly ( P < . 0 1) over time, and the rate of increase was similar ( P > .lo) for both groups.
Average daily gain (Table 8) , averaged across the four 28-d periods, was greater ( P < .05) for steers previously fed HE KY-31 haylage than for steers fed Johnstone haylage. During the first 28-d period, steers previously fed HE KY-31 haylage had greater ADG ( P < .01) than steers fed Johnstone haylage. In accordance with DM1 and ADG data, the efficiency of converting feed to live weight gain (gain:feed ratio; Table 81 , averaged across the four 28-d periods, was greater ( P < .O 1) for steers previously fed HE KY-31 Table 7 . Effect of consuming 'Johnstone' (J) or high-endophyte 'Kentucky-31' (HE KY-31) tall fescue haylage on dry matter intake (DMI), average daily gain (ADG), and gain:feed ratio (G:F) In our experiment, there seemed to be no persistent carryover effect of previous forage treatment, and the greater ADG and gain:feed of HE KY-31 steers indicate these steers were experiencing compensatory growth. Cole et al. (19871, Piper et al. (19871, and Lusby et al. ( 1990 1 observed no carryover effects of previous consumption of endophyte-infested fescue by steers on subsequent feedlot performance and, in some instances, observed compensatory growth; however, it was suggested that environmental conditions (particularly ambient temperature and relative humidity) greatly influenced the response. Cole et al. ( 1987) and Piper et al. (1987) observed that effects of previous endophyte-infested fescue consumption on feedlot performance were influenced by time of year when cattle were placed into the feedlot (summer vs fall), and compensatory growth described by Lusby et al. ( 1990) was attributed in part to feeding cattle in a cooler and less humid geographical region. Hancock et al. ( 1987) reported that previous forage system did not affect growth and other feedlot performance variables during the first 56 d in the feedlot, despite the fact that steers previously consuming endophyte-infested fescue entered the feedlot at lighter weights than steers grazing endophyte-free forage species. However, steers previously grazing endophyte-infested tall fescue grew more efficiently after 56 d, suggesting a carryover effect attributable to endophyte infestation. In our experiment, steers were placed into the feedlot during . 16f
,003 aPeriod 1 = April 11 to May 8; Period 2 = May 9 to June 5; Period 3 = June 6 to July 3; Period 4 = July 4 to August 1 k i n e a r effect ( P < .01).
C,dMeans between rows lacking a common superscript differ ( P < ,101.
e,fMeans between rows lacking a common superscript differ ( P < .01). g,hMeans between rows lacking a common superscript differ ( P < .05).
April, and average minimum and maximum temperatures were 6.7 and 18.3"C. These temperatures are below heat-stressing temperatures and may have allowed steers to overcome short-term detrimental carryover effects described by Hancock et al. ( 1987) .
Implications
Growing steers grazing fall-accumulated endophyte-infested fescue had reduced average daily gain compared to steers grazing low-endophyte or endophyte-free fescues during colder periods of the year. Reduced performance of steers grazing high-endophyte 'Kentucky-31' occurred despite similar dry matter intake and emphasizes the importance of metabolic dysfunction associated with endophyte infestation. Use of an anabolic agent may improve performance of steers grazing endophyte-infested fescue cultivars;
however, performance is still inferior to performance obtained on low-endophyte and endophyte-free cultivars. Thus, producers should consider both short-and long-term economic implications of replacing endophyte-infested cultivars with low-endophyte or endophyte-free cultivars. Feedlot performance of steers previously grazing or consuming endophyte-infested fescue was characterized as compensatory.
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